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Chemical (Compositional) Short-Range Order (CSRO)

• Well-defined chemical bond (B2O3, 
SiO2,…).

• Order parameter (Warren)

• Extension by Cargill and Spaepen
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G. S. Cargill, III and F. Spaepen, J. Non-Cryst. Solids
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Intensity of Elastic X-Ray Scattering

• Structure function, determined from the scattering intensity 
(see the previous lecture by Prof. Billinge):

• Fourier transform:
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Anomalous X-Ray Scattering:

• Anomalous dispersion:

• Kramers-Krönich dispersion relation:

           0
, ' " , "f Q E f Q f E i f E f E E   

 
 

2 2
0

" ' '2
' '

'

f E E
f E d E

E E












X-Ray Resonance

• Incident x-ray induces virtual 
excitation.  Upon de-excitation 
it emits radiation which 
interferes with the scattered 
wave.

• ki = kf: elastic

• ki ≠ kf: inelastic

ki kf



Limitations

• Edge energy: Q = 2ksinθ = (2Ei/c)sinθ

• Q > 15 Å-1 to obtain good PDF.

• Thus good only for elements heavier than Zr, OK for 
elements heavier than Ge.

• Excellent for very heavy elements with the reachable 
L-edge.

• Statistical limitations.  Think of combining with 
neutron scattering.

• But still useful in many occasions.



Measurement

• Measure at two energies below 
the absorption edge.

• X-ray Raman scattering presents 
a major problem.



X-Ray Raman

• Characteristic radiation induced 
by a photon with the energy 
less than the edge energy, 
because of the intermediate 
electronic process involving 
electron-electron interaction.

• Thus even below the edge you 
excite some weak fluorescence.
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Setup

• Analyzer crystal:

– Intensity is low, Alignment has to be perfect.

• Energy sensitive semiconductor detector:

– Intrinsic Ge detector







Example

• Higher harmonic component fluctuates with time.

S. Aur, D. Kofalt, Y. Waseda, T. Egami,  H.S. Chen, B.K. Teo and R. Wang, 

Nucl. Instrum. Methods in Phys. Res. 222, 259 (1984).



• Differences are small.  Requires high accuracy in 
measurement.



S. Aur, D. Kofalt, Y. Waseda, T. Egami, R. Wang, H.S. Chen, and 

Boon-Keng Teo, Solid St. Commun. 48, 111 (1983).



• Differential PDF beyond the nearest neighbor.





L-edge



Glassy and quasicrystalline Pd-U-Si

U-L-edge AXS.
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57, 114 (1986)
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Structure of Rubidium Germanate

• Addition of Rb2O to GeO2

initially harden the glass, 
and softens it.



• Major change in the Ge DDF.

D.L. Price, A.J.G. Ellison, M.-L. Saboungi, R.-Z. Hu, T. Egami, and W.S. 

Howells, Phys. Rev. B 55, 11249 (1997)



• Major change in the third NN of Ge.



Nano-Particles

• Au is inactive as bulk, but 
shows strong catalytic 
activity at nano-scale.

• AXS at the Au L-edge.



• Additional peak at 3.7 Å.



Combining Spectroscopy with Diffraction





Conclusions

• AXS is an excellent method to determine CSRO in glasses.

• It needs synchrotron radiation; if you have an access, it is a 
good method to consider.

• It gives information on medium-range order (cf. EXAFS).

• However, execution requires appropriate setup, sufficient 
statistics and careful data processing.

• You have to be careful with fluorescence and absorption 
correction.

• Not useful for light elements (consider neutron scattering 
with isotope substitution).


